STACKED COIL DEVICE AND FABRICATION METHOD THEREOF 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

The present invention relates to a stacked coil device, and more 
particularly, to a coil device capable of being used as a transformer, a common 
mode choke coil, and etc . 
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2. Description of the Conventional Art 

Generally, it is important to increase an electromagnetic coupling between 
a first coil and a second coil in order to enhance an electrical characteristic of a 
is coil device such as a common mode choke coil or a transformer. To increase the 
electromagnetic coupling between the first and second coils, an interval between 
the first and second coils has to be small or a magnetic path has to be formed not 
to generate a leakage flux. 

Figure 1A is a perspective view showing a common mode choke coil 
20 including a coil device in accordance with the conventional art, and Figure 1B is a 
disassembled view of the common mode choke coil of Figure 1 . 

As shown in Figure 1A, the common mode choke coil 1 includes a stack 
body 7 formed at an upper portion of a first magnetic substrate 3, a second 
magnetic substrate 10 formed at an upper portion of the stack body 7, an adhesive 
25 layer 8 formed between the stack body 7 and the second magnetic substrate 10, 
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and an external electrode 11 formed at outer surfaces of the first magnetic 
substrate 3, the stack body 7, the adhesive layer 8, and the second magnetic 
substrate 10. 

As shown in Figure 1B, the stack body 7 includes a plurality of layers 
evaporated by a thin film forming technique such as a sputtering. An insulating 
layer 6a formed of a non-magnetic insulation material such as a polyimide or 
epoxy resin is evaporated on the first magnetic substrate 3, leading electrodes 12a 
and 12b are formed on the insulating layer 6a, another insulating layer 6b is 
formed on the leading electrodes 12a and 12b, a coil pattern 4 and a leading 
electrode 12c extending from the coil pattern are formed on the insulating layer 6b, 
another insulating layer 6c is formed on the coil pattern 4 and the leading 
electrode 12c, and a coil pattern 5 and a leading electrode 12d extending from the 
coil pattern are formed on the insulating layer 6c. 

One end of the coil pattern 4 is electrically connected to the leading 
electrode 12a through a via hole 13a formed on the insulating layer 6b, and the 
leading electrode 12a is electrically connected to the external electrode 11a. The 
other end of the coil pattern 4 is electrically connected to the external electrode 
11c through the leading electrode 12c. 

Meanwhile, one end of the coil pattern 5 is electrically connected to the 
leading electrode 12b through the via hole 13c formed on the insulating layer 6c 
and the via hole 13b formed on the insulating layer 6b, and the leading electrode 
12b is connected to the external electrode 11b. The other end of the coil pattern 5 
is electrically connected to the external electrode 11d through the leading 
electrode 12d. 

In case of inserting said coil device to a circuit, each external electrode 11 



is electrically connected to each connecting portion of the circuit, so that the coil 
patterns 4 and 5 are connected to the circuit. 

Since said device is fabricated by a thin film forming technique such as a 
sputtering or an evaporation, an interval between the first and second coils can be 
5 small up to several pm. According to this, an electromagnetic coupling becomes 
greater than the conventional one and the device can become small, but an 
expensive equipment is required and a productivity is degraded. 

Also, in the coil device of Figures 1A and 1B, the non-magnetic insulating 
layer 6c is positioned between the coil pattern 4 and the coil pattern 5. Accordingly, 
10 a leakage flux is generated thus to have a limitation in increasing an 
electromagnetic coupling and an impedance characteristic. 

SUMMARY OF THE INVENTION 

is Therefore, an object of the present invention is to provide a stacked coil 

device having increased electromagnetic coupling and impedance characteristic. 

Another object of the present invention is to fabricate a coil device having 
a high coupling coefficient and an enhanced insulating characteristic by a low cost 
process not by a thin film forming technique such as a sputtering and an 

20 evaporation. 

To achieve these and other advantages in accordance with the purpose of 
the present invention, as embodied and broadly described herein, there is 
provided a stacked coil device comprising: an inner electrode layer formed of at 
least two layers and having a non-magnetic electrode layer and an inner magnetic 
25 layer as one unit, the non-magnetic electrode layer provided with an opening at a 
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center thereof and provided with an electrode pattern on at least one surface of an 
upper surface and a lower surface thereof and the inner magnetic layer positioned 
at the center opening and a lateral surface of the non-magnetic electrode layer; a 
cover layer in contact with both surfaces of the inner electrode layer; and an 
external electrode terminal partially and electrically connected to the electrode 
pattern. 

The inner electrode layer is preferably composed of a plurality of layers 
thus to make the electrode pattern formed on the non-magnetic electrode layer 
have a coil form of several layers. Herein, a via hole is formed on the non- 
magnetic electrode layer at a part where the electrode pattern is not formed and a 
conductive material is filled in the via hole, so that a part of the electrode pattern of 
the non-magnetic electrode layer where the via hole is formed is electrically 
connected to electrode patterns of another non-magnetic electrode layers in 
contact with upper and lower surfaces of the non-magnetic electrode layer through 
the via hole. The cover layer is formed of a magnetic layer, and a buffer layer 
composed of a non-magnetic layer or a magnetic layer having the same shape as 
the inner electrode layer and having no electrode pattern can be included between 
the cover layer and the inner electrode layer. 

As a magnetic substance of the present invention, ferrite such as Ni-based, 
Ni-Zn based, Ni-Zn-Cu based material, and etc. can be used. Also, as a non- 
magnetic substance, B 2 0 3 -SiO 2 based glass, Al 2 0 3 -Si0 2 based glass, ceramic 
material having similar thermal expansion ratio to the ferrite are used. 

A thickness of each layer constituting the coil device of the present 
invention is preferably formed to be thin. 

To achieve these and other advantages and in accordance with the 



purpose of the present invention, as embodied and broadly described herein, 
there is also provided a fabrication method of a stacked coil device comprising: 
preparing green sheets that a magnetic film and a non-magnetic film are 
respectively formed on a carrier film; forming cutting lines on the magnetic film 
green sheet and the non-magnetic film green sheet; forming via holes on the non- 
magnetic film green sheet where the cutting lines are formed; forming an electrode 
pattern at an upper surface of the non-magnetic film green sheet where the via 
holes are formed; picking up unnecessary parts from the magnetic film green 
sheet and the non-magnetic film green sheet; stacking the green sheet where the 
magnetic film and the cutting lines are formed, and the green sheet where the 
non-magnetic film, the cutting lines, the via holes, and the electrode pattern are 
formed; firing the stack body; and forming an external electrode terminal at an 
outer surface of the fired stack body. 

The foregoing and other objects, features, aspects and advantages of the 
present invention will become more apparent from the following detailed 
description of the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. 

In the drawings: 



Figure 1A is a perspective view showing a coil device in accordance with 

the conventional art; 

Figure 1B is a disassembled view of the coil device of Figure 1A; 

Figure 2A is a perspective view showing an appearance of a coil device 
according to one embodiment of the present invention; 

Figure 2B is a perspective view showing an inner magnetic path of the coil 

device of Figure 2A; 

Figure 2C is a perspective view showing an inner electrode pattern of the 

coil device of Figure 2A; 

Figure 2D is a sectional view showing an inside of the coil device of Figure 

2A; 

Figure 2E is a perspective view showing an appearance of a coil device 
according to another embodiment of the present invention; 

Figure 3A is a perspective view showing a step of preparing a green 

sheet; 

Figure 3B is a perspective view showing a step of forming cutting lines; 
Figure 3C is a perspective view showing a step of forming via holes; 
Figure 3D is a perspective view showing a step of forming an electrode 

pattern; 

Figure 3E is a perspective view showing a magnetic layer in a state that 

a pick up has been finished; 

Figure 3F is a perspective view showing a non-magnetic layer in a state 

that a pick up has been finished; 

Figure 4A is a flow chart showing a step of stacking; 

Figure 4B is a flow chart showing an electrode layer of Figure 4A by 



enlargement; 

Figure 4C is a perspective view showing an appearance of a coil device in 
a state that a stacking has been finished; 

Figure 5A is a sectional mimetic diagram showing a magnetic field of a coil 
device composed of only a magnetic substance; and 

Figure 5B is a sectional mimetic diagram showing a magnetic field of a coil 
device of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings. 

Figures 2A to 2D are perspective views showing an appearance and an 
inner structure of a coil device according to the present invention. 

As shown in Figure 2A, a cover layer 21 is formed at upper and lower 
surfaces of the coil device of a hexahedron shape, and an external electrode 
terminal 24 is formed at an outer circumference surface of a stack body 20. Also, a 
magnetic layer 22 and a non-magnetic layer 28 are positioned between the cover 
layers 21 . 

Figure 2B shows only an inner magnetic layer in the coil device, in which a 
magnetic path can be shown. In Figure 2A, a center magnetic Iayer26 which was 
not shown since it was positioned at an inner center portion of the non-magnetic 
electrode layer can be shown. An inner space 29 formed by the center magnetic 
Iayer26 and lateral magnetic layers 25 is occupied by the non-magnetic electrode 
layer. The center magnetic Iayer26 and the lateral magnetic layers 25 can be 



formed by stacking several films, or can be formed as a bulk shape. 

Figure 2C is a mimetic diagram showing the non-magnetic electrode layer 
28, in which electrode patterns 27 are formed on each electrode layer as a coil 
shape and an empty space 28" where the center magnetic Iayer26 is to be 
positioned is formed at an inner center portion. The electrode patterns can have a 
coil form with a constant interval up and down by the non-magnetic electrode layer 
28, and the magnetic layer positioned at the inner center portion and each lateral 
surface and the electrode patterns can have an electromagnetic interaction. A 
form of the electrode patterns can be changed by various methods, and electrode 
patterns of each layer can be electrically connected to one another. Also, a part of 
the electrode patterns extend to outside thus to be electrically connected to the 
external electrode terminal. 

Figure 2D shows a sectional surface of the coil device of Figure 2A, in 
which the center magnetic Iayer26 and the lateral magnetic layers 25 are shown 
and the non-magnetic electrode layers 28 stacked with several layers are 
positioned between said two magnetic layers. 

Figure 2E is a perspective view showing another embodiment of the 
present invention, in which a cover layer 20 formed of a non-magnetic substance 
is additionally formed besides the cover layer 21 formed of a magnetic substance. 
The additional cover layer attenuates a minute difference of a thermal expansion 
ratio between the magnetic layer and the non-magnetic layer thus to stabilize a 
mechanical structure of the device. 

The stacked coil device of the present invention is composed of the center 
magnetic layer 26, said two lateral magnetic layers 25, and the non-magnetic 
electrode layer 28 where the electrode patterns are formed thus to restrain a 



leakage flux generation and enhance its electromagnetic characteristics. Also, by 
using a non-magnetic layer of a high resistivity such as glass, an insulation 
resistance between the electrode patterns becomes great thus to obtain a stable 

insulation characteristic. 

In the stacked coil device of the present invention, each layer is fabricated 

simply and economically and then sequentially stacked, thereby completing one 

single device. A fabrication method of the stacked coil device will be explained 

with reference to Figures 3A to 3F. 

Figure 3A shows a step of preparing a green sheet. On a carrier film 32, a 
magnetic film or a non-magnetic film 31 is formed. In the present invention, the 
magnetic film green sheet or the non-magnetic film green sheet are respectively 
formed by using a doctor blade tape casting method used in a thick film stacking 
process. 

As the carrier film, a PET film is used and another materials can be used. 
The carrier film is picked up when each layer is sequentially stacked after a 
fabrication of each layer is completed. 

The green sheet that the magnetic film or the non-magnetic film are 
formed on the carrier film 32 can be used as the cover layer by itself or by stacking 
several layers. 

After forming the green sheet, as shown in Figure 3B, cutting lines are 
formed. The cutting lines are composed of an inner cutting line for an empty space 
34 and both lateral cutting lines 33a and 33b. The cutting lines can be formed by a 
laser processing or a mechanical processing, in which the carrier film must not be 
damaged. A cutting processing of Figure 3B is applied to both the magnetic film 
green sheet and the non-magnetic film green sheet. 



The magnetic film green sheet or the non-magnetic film green sheet 
where the cutting lines are formed can be used as a buffer layer by itself or by 

stacking several layers. 

As shown in Figure 3C, on the non-magnetic film green sheet, not only the 
cutting lines 33a, 33b, and 34 but also via holes 35 are formed. The via holes are 
formed by using a laser punching or a mechanical punching. 

As shown in Figure 3D, in the non-magnetic green sheet where the cutting 
lines and the via holes are formed, an electrode pattern 36 is formed. The 
electrode pattern can be formed as different patterns (for example, a pattern that 
an electrode pattern of a first sheet and an electrode pattern of a second sheet are 
symmetrical to each other) by an order of the non-magnetic electrode layer, and 
can be varied into various shapes according to a usage purpose. Also, one end of 
the electrode pattern extends up to an end 36' of the green sheet thus to be 
electrically connected to an external electrode. A conductive paste is printed on an 
upper surface of the non-magnetic green sheet by using a screen printing method 
thus to form the electrode pattern, and a conductive material is filled in the via 
holes 35a and 35b. In Figure 3D, one end of the electrode pattern is connected to 
the via hole 35b but the electrode pattern is not connected to another via hole 35a. 
This form is a means to electrically connect or not to connect each electrode 
pattern on the non-magnetic electrode layer by each layer. 

Unnecessary parts of the magnetic green sheet where the cutting lines are 
formed and the non-magnetic green sheet where the electrode patterns are 
formed are picked-up. At this time, picked-up regions of the magnetic green sheet 
and the non-magnetic green sheet are opposite to each other thus to constitute 
one single layer of the magnetic green sheet and the non-magnetic green sheet. 
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Figures 3e and 3F show the magnetic and non-magnetic green sheets where 
unnecessary parts are picked up. In Figure 3E, only a center region 38a and a 
periphery region 38b of the magnetic green sheet remain, and in Figure 3F, a non- 
magnetic layer 39 of the non-magnetic green sheet remains only at a region 
opposite to that of the magnetic green sheet. 

Once a fabrication of each layer is finished, each layer is sequentially 
stacked. Figure 4A shows a stack processing, in which each layer is sequentially 
stacked as one. A denotes a cover layer, B denotes a buffer layer, and C denotes 
an electrode layer. The cover layer is composed of a magnetic layer 42, but can 
be composed of a magnetic layer and a non-magnetic layer as another 
embodiment. The buffer layer B is composed of a magnetic layer 43 and a non- 
magnetic layer 44, and prevents electrode patterns of non-magnetic layers 45a 
and 45d from being in directly contact with the upper and lower cover layers. The 
green sheet fabricated in Figures 3A and 3B and the green sheet where the 
cutting lines are formed are used as the cover layer and the buffer layer in a state 
that the carrier film is respectively picked-up. 

The magnetic films 38a and 38b fabricated in Figures 3E and the non- 
magnetic film 39 in Figure 3F are alternately stacked thus to form an electrode 
layer. Even though the electrode layer is composed of four layers in Figures 4A 
and 4B, more layers are preferably stacked. 

Figure 4B shows an example that the electrode layer is composed of 
several layers, in which magnetic layers 46 and non-magnetic layers 45a to 45d 
are alternately stacked and thus exist in the same layer. By this stack, the 
electrode patterns formed on the non-magnetic layer are electrically connected to 
each other. Herein, one end of the electrode pattern (47a or 47c) is connected to a 
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via hole (48a or 48b) thus to be electrically connected to another end of the 
electrode pattern of another layer (47b or 47d). Another end of the electrode 
pattern 49 extends up to an edge of the non-magnetic layer for an external 
electrical contact, and an external electrode terminal is formed at the end 49 after 
the stack. Figure 4C shows a state that the stack has been finished. 

When the inner electrode pattern, the non-magnetic substance, and the 
magnetic substance are simultaneously fired by firing the stack body after stacking, 
an electrode pattern of a coil ' form, an insulating region of a non-magnetic 
substance, and a magnetic path of a magnetic substance are formed. 

After the firing process, an external electrode terminal is formed at a 
lateral surface of the stack body by using a dipping or a roller. 

By said fabrication process, the stacked coil device of the present 
invention can be economically fabricated and a large amount of devices can be 
fabricated fast. 

Figures 5A and 5B mimetically show magnetic fields of a coil device 
formed of only a magnetic substance and a coil device formed of a magnetic 
substance and a non-magnetic substance. As shown in Figure 5A, in case that the 
coil device is formed of only a magnetic substance, both a first coil 53 and a 
second coil 54 are formed in a magnetic substance 51 having a high magnetic 
permeability. According to this, a part of the magnetic field generated from the first 
coil is not transmitted to the second coil but leaks to a periphery of the first coil. 
The reference number 55 denotes an effective magnetic field used in an 
electromagnetic coupling between the first and second coils, and the number 56 
denotes a leakage magnetic field. By the leakage magnetic field, a coupling 
coefficient of the coil device is lowered and thus a function thereof is degraded 
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when used as a common mode filter or a transformer. On the contrary, in case of 
the coil device of the present invention, both the first coil 53 and the second coil 54 
exist in a non-magnetic substance 52 having a low magnetic permeability, so that 
a leakage magnetic field between the coils is not generated. Thus, a magnetic 
5 filed generated from the first coil can be transmitted to the second coil without a 
loss. That is, a coupling coefficient, a ratio between a common mode ingredient 
and a normal mode ingredient of an impedance, becomes great. 

A following table 1 shows a comparison of coupling coefficients of the coil 
device of the present invention and another devices of the conventional art. 
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coupling coefficient (%) 


magnetic/ non-magnetic type 


98.82 


maqnetic type 


85.89 


winding type 


96.02 



The winding type means a general coil device that a conducting wire is 
wound on a magnetic substance, the magnetic/ non-magnetic type means the coil 
device of the present invention, and the magnetic type means a coil device shown 
in Figure 5A. From the table 1 , it can be seen that the coupling coefficient of the 



15 coil device according to the present invention is much more excellent than the 

coupling coefficients of another types. 

As aforementioned, in the present invention, the stacked coil device 

having improved electromagnetic coupling and impedance characteristic and an 

excellent insulating characteristic between the coil patterns can be fabricated. Also, 
20 the coil device can be fabricated by a low cost processing not by a thin film 

forming technique such as a sputtering or an evaporation, thereby enhancing a 
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productivity. 

As the present invention may be embodied in several forms without 
departing from the spirit or essential characteristics thereof, it should also be 
understood that the above-described embodiments are not limited by any of the 
details of the foregoing description, unless otherwise specified, but rather should 
be construed broadly within its spirit and scope as defined in the appended claims, 
and therefore all changes and modifications that fall within the metes and bounds 
of the claims, or equivalence of such metes and bounds are therefore intended to 
be embraced by the appended claims. 
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